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For: METHODS AND COMPOSITIONS FOR DELIVERING PROTEINS TO 
MACROPHAGE CELLS AND CELLS OF MACROPHAGE DERIVED 
LINEAGES 



1. Dr. David B, Weiner, declare as follows: 

1 . 1 am an inventor in the above-identified patent application. 

2. Attached hereto are Exhibits 2-4 that indicate the level of skill and knowledge of those in 
the art at the time the above-identified application was filed. The exhibits demonstrate that at 
the time the invention was made, the drainage patterns associated with parts of the lymphatic 
system were reasonably well understood and reasonably predictable. The exhibits 
demonstrate that at the time the invention was made, one having ordinary skill in the art 
could determine the drainage pattern(s) of the lymphatic system and correlate a site of 
injection to a particular lymph node using routine methodology without undue 
experimentation. 

3. Exhibit 2 states that "For ... the arms or legs, the lymphatic drainage patterns are fairly 
predictable: the arm drains to the axilla, and the leg drains to the groin." (Exhibit 2, Oncolog, 
taken from www3.mdanswerson.org/-oncolog/map.html, page 1). Exhibit 2 further states, 
"When the drainage patterns are ambiguous, lymphoscintigraphy is used to identify nodal 
basins... Lymphoscintigraphy begins with injection of a radiolabeled colloid into the 
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skin... Over the course of a few minutes, the colloid passes through the dermal lymphatics to 
one or more lymph node basins, where it is taken up by the macrophages in the lymph nodes. 
A scintillation camera is then used to document the path of the radiolabeled colloid through 
the lymphatic system." (Exhibit 2, page 2,). 

4. Exhibit 3 describes in more detail the method of finding lymph nodes using 
lymphoscintigraphy. As described on page 1 of Exhibit 3 (taken from 
www.nucmednet.com/lymph.htm, entitled "Procedure of the Month November 1997), "since 
one of the functions of the lymph system is to clear small particles, the . ..particles injected 
during lymphoscintigraphy go to the local lymph nodes. Since these particles have a 
radioactive label, we can find them using nuclear medicine equipment." 

5. Exhibit 4 (Eddy et al. World J. Surg. (2001) 25:794-797) describes lymphoscintigraphy 
and lymphafic mapping for identification for sentinel lymph nodes. In describing the 
technique the authors sate "investigators obtain a lymphoscintigram to delineate lymphatic 
drainage." (Eddy, p. 796, left column). 

6. These references demonstrate that at the time the invention was made one of skill in the art 
could identify the site of administration required to deliver a DNA molecule to a specific 
lymph node based upon the lymphatic drainage system that was either known or that was 
determined using techniques that would not require undue experimentation. 

7. 1 declare that statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were 
made with knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code that 
such willful false statements may jeopardize the validity of the application or any patent 
issuing thereon. 

Dated: By: 



Dr. David B. Weiner 



Exhibit 1 : Curriculum vitae of Dr. David B. Weiner 
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Exhibit 2: Oncolog: Intraoperative Lymphatic Mapping — Elegant Way to Identify Lymph 
Node Metastases in Melanoma Patients taken from 
www3.madanderson,org/'-oncolog/map.html 

Exhibit 3: "NucMedNet Feature Procedure: New Techniques for Finding Lymphnodes in 
Cancer Patients" taken from www.nucmednet. com/lymph. htm. 

Exhibit 4: Eddy et al. World J. Surg. (2001) 25:794-797 
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OncoLog 

Intraoperative Lymphatic Mapping 
Elegant Way to Identify Lymph Node 
Metastases in Melanoma Patients 

New procedure enables selective use of lymph node dissection 
ByStephcnieP.Deming 

Like a number of tumors, cutaneous melanomas often spread tiirough lymph channels to re^onal lymph 
nodes. Because of tlus tendency, elective lymph node dissection-removal of lymph nodes before tiiere 
is clinical evidence of metastasis-has long been a standard treatment for patients with early stage 
cutaneous melanoma. While this procedure has not been proven to prolong survival, many surgeons 
believe tiiat elective lymph node dissection in a patient witii micrometastases can prolong tiie patient's 
life and in some cases cure the disease. 

Until recentiy, hov«rever, this approach involved a catch-22: elective lymph node dissection could benefit 
nfy tiiose patimts with micrometastases, but determimng whedier a patient had micrometastases 
teqcdred a lymph node dissection. Thus, some patients md^went unnecessary surgery-a matter of 
concern because lymph node dissection is a major surgical procedure associated with a munber of 
potential short- and long-term complications. 

A cutting^edge approach being studied in clmical trials at The University of Texas M. D. Anderson 
Canoa Center ofifers a way around tiiis dilomna. Usmg tins new technique-mtraoperative lymphatic 
mqiping and sentinel node biopsy--8uigeon8 can detenmne tiie disease stat^ 
baan by identifying, lemoving, and eacaminhig a dogle q)cdal fymph node cal^ 

Tlie sentind node is tiie first node tiiattiiedennal lymphatics around a tumor drdn to. Stuifies have 

diofwn tibat tiic patiiolo^ status of tiie seotind node accurate^ pred^ 

nodes along that di»biBge pafliwii^. b other wcM^ 

odior nodes, and fonnal ^ymjdi node dissection is not necess^ 

TUs procedure can hdp identify which patients are most likdy to benefit fixmi lymph node ^ssection 
and wfaidi patients probably would not benefit," said Morick L Ross, MJ>^ associate professor hi tiie 
Dqnitniem of Suij^cal Oncology. "It aUows us to be more selective about peifond 
lyi^hadaeetomy.*' 

I^phosdntigniphy Reveals Nodes at Risk 

Before perfonning intraoperative lymi^iatic mapping, die surgeon must know wiudi nodal bad^ 
ride fbr ndcrometastases. For melanonua on tiie aims or legs, Ibe fyn4)hatic drainage pat^ 
predictid)te: the aim drains to tiieaidUa, and tiie leg drahis to the gn^ For lesions ntiie trunk, 
however, the draiiuige patterns are ainblguous. A melanoma on the upper tnmkm 
for exan^le, or a melanoma near tiie left axilla might drain to the rigjxt axilla. And sometimes a lesion 
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drains to moi^ than one nodal basin. "It's not uncommon to find two nodal basins,** said Ross, *'and it*s 
not unheaid f to find three. We will pursue these multiple nodal basins if necessary." 

Whcn^ drainage patterns are ambiguous, fymphoscintigrq>hy is used to identify the iK>dal basins at 
risk. Tlus simple ou4>atient procedure is typically performed several days before the intraoperative 
fymphatic mq)ping and sentinel node biopsy. Lymphoscintigraphy beghis witti injection of a 
radiolabeled colloid into the skin adjacent to the tumor. Over the course of a few minutes, the colloid 
passes through the dermal lymphatics to one or more lymph node basins, where it is taken up by the 
macrophages in the lymph nodes. A scintillation camera is then used to document the path of the 
radiolabeled colloid through the lymphatic system. This is the same path that tumor cells would follow if 
they broke away from the primary lesion and entered the lymphatics. 

"Lymphoscintigraphy doesn't tell us if there's tumor in these areas," said Ross, "but it does tell us that if 
tumor had traveled to a lymph node area, that* s where tumor would most likely be." With this 
Information in hand, ^ surgeon can plan tiie intraoperative fymphatic mapping. 

Dye, Radiolabeling Help Locate Sentinel Node 

Intraoperative lymphatic mapping and sentinel node biopsy is performed at the same time as wide local 
mcision of the primary tumor. The operation is typically performed as an outpatient procedure, with 
patients staying in the clinic about 23 hours. 

About an hour before surgery, the patient is taken to the nuclear medicine station, whm technicians 
inject a radiolabeled colloid into the skin adj acent to the tumor. The next stop is tiie operatmg room, 
where the surgeon injects a blue vegetable dye called isosulfim bltie near the tumor. 

While die blue <tye travels through die lymphatic system, the surgeon scans the skin over the nodal basin 
with a hand*held, portable gamma probe, looking for areas with hig|i levels of radioactivity. Tliese "hot" 
areas dgnal lymph nodes that have taken up the radiolabeled colloid; tiie hottest area corresponds to tiie 
sentinel node. 

11^ surg^n makes a small incision directly ova tiic soitinel node and inserts the gamma probe, which 
fa covoed wilh a stoile sbeadt By moving the probe 
ofhis^raifioactivity. Within tiiisr^on,tibesurgamfaun^ 
and careful^ dissects iL 

How does tiie surgeon know that tiie blue-stained node in question is actualty 
a time element involved,** said Ross. *lfyou wait too long, tiie<fye can pass ti^ 
generalfy do the biopsy iTvitiiin 20 minutes afier injecting tiie b^ 

connecting the nodes are also stained blue, so *'oik:c you find the node, you can trace back the lymphatic 
channels leading to it to mate sure itfs ^ first nodc^^iattiiere isn't a iKMle t^^ 

When surgeons at M. D. Aiideison Cancer Goiter first perfc^ 

tiipy reUcd on tiie blue alone to localize tiie node. 11^ 

hdf years ago. "When we were udng just tiie said Ross, were confided 

percent f tiie time that the ruxle we found was tiie sentinel node, because wc were limited to visual 

inspection. Since wcSre been using tite gamma probe, we almost never have a 

tiie appropriate lymph node.** 

WMiose fifae gamma probe, said IU>S8,^w blow where tiic sentinel 
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us to make a very small incision and also makes the operation much quicker." 

After the sentmei node is removed, it is examined by a pathologist If the node looks clinically 
suspicious, it is examined by fix)zen section. The results are available in a matter of minutes, and if the 
node contams metastases, ^e surgeon can proceed with a formal lymph node dissection in the same 
operative setting. However, **if tiie node looks normal," said Ross, "we prefer to evaluate die lymph 
nodes by serial sectioning with permanent sections. It is more accurate, and we are less likely to miss 
tumor. We are looking for a small amount of microscopic disease, and you can sometimes lose 
important tissue when you do a frozen section." In this case, if the sentinel node contains 
micrometastases, the lymph node dissection is performed at a later date. 

New Procedure Offers Several Advantages 

This new procedure offers a number of important advantages over traditional treatment, chief among 
tiiem tfie ability to avoid formal lymi^i node dissection and its attendant lisks-including obvious 
scarring, nerve damage, or lymphedema-*in patients who would not benefit fix>m tiie procedure. 

The new procedure may also allow better detection of micrometastatic disease. "There are patients who 
are thou^t to be lymph node negative who eventually have a recurrence," said Ross. "We think that a 
number of these patients are actually lymph node positive, but we missed the micrometastases because 
we weren*t able to look at every lymph node carefiilly enough." With a traditional lymph node 
dissection, detailed examination of all the nodes removed is not feasible— the time and e;q)ense involved 
are prohibitive. However, with only one or two nodes to focus on, said Ross, "it is more feasible to 
perform veiy careful examination by using serial sectioning and immunohistologic studies," and tfius the 
chances of detecting micrometastases are greater. The sentinel nodes are also diought to be the nodes 
most likely to harbor micrometastatic disease, so focusing on those nodes is the best strategy for 
detecting micrometastases. 

Eariy detection of disease spread to lymph nodes is especially important now dbat alpha-interferon has 
been identified as an effete adjuvant dierapy for patients with lymph node spread of melanoma. The 
earlier micrometastases in r^onal lymph nodes are identified, the eariier patients can receive tiiis 
timapy. 

Prooedare Abo Useful for Other Types of Omeer 

EooouTBged by tiie success of intraopenaivc fymphatic mapi^ 
treatmqitofaitancoqs lymphoma, surgeons are im^estigatn^ 

and odier ^ypes of cancer. "Rig^ now, tiic standard of care for pati«ts who unda:go suigeiy for breast 
cancer is to hidudc an axillaiy lymph code dissection, but now tiiat we*re seemg brea^ cancer eulier, a 
lot ftiiese patients donH have lyn^ node involvemc^ 

node biopsy ^ breast canco: patients, M. D. Anderson surgeons found oi^ one fidse^iegative result in a 
series of 35 patients. Accordmg to Ross, some areas of tiie breast drain exclushrely to tiie intonal 
nuunmary chain^-not the axilla, tiie tiadhional site of 

Tor patients widi tumors in tiiose areas of tiie breast," lie said, "sampling tiie axflla may be mislea^Ung. 

Usmg intraoperative tyn^hatic mapping witii a gamma 1^ 

nianunaiy nodes. That hais beoi out of vogue for so 

Emphatic drainage bett^, it miy be coming back into our sta^ng ev^ 

cancer." 



lu Uao p ct ativ e lynqaiaticmappfagcanalso be used for melanomajs of tiie vulva and for otiier skin 
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cancers that spread to lymph nodes-some of the adnexal tumors of the skin, Merkel cell tumors of the 
skin, and some of the more aggressive squamous cell cancers. "This technique," said Ross, "is applicable 
to essentially any solid tumor that has a predilection for lymph node metastases." 



REFERRALS. Readers who would like more information may write Dr. Ross, Department of Suii^cal 
Oncology, Box 106, The University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd., 
Houston, Texas 77030, or call (713) 792-7217. To refer a patient, call the New Patient Referral Office at 
(800) 392-1611 or (713) 792-6161. 
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New Techniques for Finding Lymph Nodes in Cancer Patients 



Figure L Lympbi^cintigraphlc siuify of the righi arm. The colloidal nuOerlal was injeded around Ike large dark area ai 
ike lower portion of Ike Image. The colloid moved upward loskow a senHnelfympk node (closesllo Ike Injection stte) and 
Ihen lo salellUe fympk nodes (see lexi below) In Ike skoulder area. The sentinel node skould be removed lo see If It 
contains tumor. 

Introdaction 

One of tiie questions that is important to answer in patients witii certain types of cancer is >^ether tiie 
cancer has spread to the local lymph glands. The patients future treatment, as well as his or her chances 
for cure, is in large part determined by whether or not the lymph glands are involved 

Lynqph glands have a number of functions. Normally, they are designed to trap oiganisms such as 
bactma and bring to bear the body's immune system to stop tiic infection. They may also have a role in 
figliting cancos. However, tiie cancer overwhelms iBda lynq>h node, the ^ue of tiie node to tiie 
patient disai^ieais. 

For puiposes of treatment, canocn are "staged." The 8tag^ process fa^ 
cmg^ial tumor and assessing evidence of cancer in other bo^ 
in local tyn^h nodes. The ti»ditio«ial me^od of 
involved is to i«nove Ifam aoti^calty and exami^ 

requires more extensive surgecy dnce lynqihnodes canbe in vuiable locations. This more extenme 
suigeiy leads to a longw recovery time. Reoratty, suigeons and nuclear medicine pfaysidans have been 
collaborating on a new me&od to aUow the suigeon to £u^ 

lK)ped that tiiis method will permit le^ extensive surgeiy and accurately reflect the degree to which tiie 
cancer has spread at onset of treatment 

Lymphosdntigniphy 

The tedudque, known as tynqihoscintigraplv, involves iiy ecting small amounts of radioactive particles 
(a colloliO around tiie tumor site. Since one ftiieflmctionsof^^ph system is to clear small 
particles, the colloidal partidcs iqjected during lymphosdntigniphy go to the local lymph nodes. Since 
tiiese particles have a radioacttvt label, we can find dionusin^ 




. Piooednte of die McmtfiNovemlK )997 



) Page2of4 



The key lymph node to identify is known as the "sentinel" node. TTus lymph node represents the first 
node in the drainage path from the tumor to the remainder of the body. Data fix>m multiple hospitals 
indicate that if this lymph node is free of tumor, it is likely that other lymph nodes, further away, will 
not contain tumor. For tiie patioit. Has means if we can identify tiie soitinel node, a less extensive 
surgical procedure can be performed to sample ftas particular node. 

There ate several diseases in vy^ch the status of the lymph nodes is of critical importance to therapy. 
These diseases are malignant melanoma (a form of skin cancer), breast cancer, and colon cancer. In each 
of these diseases there are techniques that permit both the imaging and surgical evaluation of specific 
lymph nodes. In lymphoscintigraphy studies tracer is injected in a circle surrounding the tumor or the 
site from which the tumor has been removed. Images over the next several hours show the path of flow. 
In the past, when lymphoscintigraphy was performed, the skin over the lymph node, as seen on tiie 
images, was marked vwth waterproof ink. This presented problems for the surgeon since the position of 
the patient on the operating table may have been different than in the nuclear medicine department and, 
tfaerefote, the skin marker may no longer be over the node.Today, ^>ecial gamma probes exist that can 
be sterilized for use in &e operating room. The surgeon can pa^ Ms probe aver the area of die 
suspected lymph node and watch a gauge. When the gauge begins to show radioactivity, die probe is 
over the site of the sentinel lymph node. We will review some of the specific applications of 
lymphoscintign^hy below. 

Malignant Melanoma 

Malignant melanomas of tiie back or chest present problems vdth r^ard to identification of where die 
lymph nodes draining this region are located. (Figure 1) Depending on die tumor site, one may gu^s 
diat lymph glands draining die tumor may. be vamies the arm or in die groin, ^diout actually studying 
die padent, it is not possible to be sure which set of lymph nodes needs to be sampled or removed. 
Previously, die surgeon used anatomic criteria to decide which nodes to remove. In some patients, the 
tacet flows to lymph nodes in die axilla. In afbex patients it flows to those located in the groin. At times 
die flow is to bodi axillary re^ons or to die groin and axilla. Since die surgeon has an raccellent idea of 
wbete to locate die fymph nodes for samplii^ fixim die lymphoscintigraplqr study, dioe is increased 
accuracy of nodal identification. 




PlgareZ TtueoOald was U^eetedmround Mm eaOrdfy located tamor on 
tendrib^nuBocoOoU extending to both Ae right and t^pfOieb^feeeontUe.^ 

ngUmskavefynqth nodet draining from Ods tumor. Hu surgeon mustsampU both regions to be sure tftbepaOenfs 
stage, 

ffifi^t%»i%y in iwaligtMint melanomfl, die rtaiiis of die sentinel nodc is of key importance. When diis node 
does not contain tumor, it is likely that odier lymph nodes in die region will not contain tumor. 
Theref<HC in many coilers it is now the practice to sample the sentinel lyn^di node and perform further 
surgery only if tumor is idoitified in dds node. From die patienf s perspective, tiiis can result in 
cottsi^terably less surgery if die sentinel node is normal Wbmdieie is a<iuestion concerning whedier or 
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not additional lymph nodes need to be removed, the decision can be based on hard data, such as the 
sentinel node's findings, rather than on opinion. 

Breast Cancer 

Breast cancer tends to spread to the lymph nodes under the arm (axilla) or behind the breastbone 
(retrosternal). Sampling of lymph nodes under the arm is a routine surgical procedure in breast cancer 
patients. However, there is no guarantee that the correct lymph nodes are always being sampled. Lymph 
flow is very variable and any one of a number of lymph nodes may represent the sentinel node. By using 
a lymphoscintigraphy study as a guide, the surgeon can imderstand where the sentinel node is located 
prior to the operation. Using a probe at the time of surgery, the precise location of this node can be 
determined for removal. 

When the disease spreads to the retrosternal nodes, they generally are not sur^cally removed* Instead, 
radiation tbeapy is raiployed to treat these areas. While in some situations retrosternal nodes will be 
treated whether or not ttam is evidrace of disease, it makes more sense to treat diose in which &e 
probability of disease is very high. Lymphoscintign^hy, by being able to identify potentially involved 
lymph nodes, allows therapy to be directed to the impropriate area. 

Colon Cancer 

Colon cancer spreads through the abdomen via the lymph channels. At the time of surgeiy the highest 
probability of cure is attained if the draining regionid lymph nodes are removed. However, the colloids 
used for otiio* lymphoscintigraphy studies are not practical for use in tiiis setting. Radiolabeled 
antibodies are employed in this setting. These antibodies are directed against portions of tiie tumor 
sur&ce that contain unusual proteins. By locating tiie sites of abnormal protein concentration, the study 
assists tiie surgeon in identifying areas likely to contain tumor. When radiolabeled antibodies are 
onployed to locate tumors at the time of smgery , tiie technique is known as radioimmunoguided surgery 
(RIGS). 

Patient Preparation 

There is no spedfic prq)aration required for ^ 
lynqihosdntigrqdiy 8ti]^ prior to 
been removed to mate to diagnoris> The cnth^ 
dq;ieoding iqKm to speed vdtii wMch to iiy ected 
pa&nts to sentinel fynq)h code is identified 
tate several hows to idratify to i^ypropciate n<^ 

There is mild discomfort associated with to iigections. As noted above. 
made in a drde surnyunding to area to tumor previously occuined. T1^ 
srasation at to time of iiycetioa. The radiation dose is quite 1^ 
radioactivify is used for to iiyection.Thae are no reactions to to drug and no to 
fixmi to iiyections. When ndiolabeled antibodies are used, it is ty^ 
sui^^iy. These antibodies have a smaU diance of produdng an aU^ 

to mult^le substances should inform to phyddan ftiidrhis((»yofallei|^.Wltile drug reactions are 
care, tii^ can occur and are usuaUy easily ha^ ftopossibiUfy. 

Ootcomes 
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Various published papers indicate that in patients with malignant melanoma, about 20% of the sentinel 
nodes actually contained tumor. For the remaining patients, extensive surgery was not appropriate. In a 
ffojsp of breast cancer patients, 92% of the sentinel nodes were identified The sentinel node contained 
tumor in a small number of patients and was fhe only positive lymph node. When the sentinel node was 
negative no other lymph nodes contained tumor. 

Further Information 

For specific information on how the nuclear medicine department in your area performs this test, we 
suggest you contact them. They can also inform you if any special preparation is required. 

Return to Home Page 
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AbstTKt The recently brtnidaeed technique of senUnd lymph modt dis- 
section (SLNO) nay replaee cnfflpkCc iixlllaiy lymph node dissection for 
axtOaiy stegiBIS ofcttty breast cancer. Suocetsftil SIM) Is predicated on 
metlcQlotts ddfnc at fcm ef the tmptuuk patinrpy and acntinel mIc(s). 
Cunrnf^ employed lymphatic niappfaig^matcrlato tnd^ 
and radioodWe Craoers, Tccfattiqaet of fattreopcratire lymphatic mmpptaig 
and Sl>rDusins dye, traeer, or both have idghsucccMrmtesbi the Ittuidt 
of CKpctfeneed InrnUc^ors, hot thefar rautinc and 
raNdotion of qoestians about tiw timloe, dose, and ^ of lud'loactfve 
tracei; die optimal lymphatic aupphi^ tedm^M; faidications mid can- 
trrf Bd icn tio BS for SLND; and eertlftcatlon of qnalifted autyons. patiml* 
aglstai and notlear mcdicte phgvfclattx. 



Attempts to map the fympbatic system began more ttian 370 years 

aga In 1622 Asdha described the lacteals in the mesentery of 

welMiDd 6off Subsequently, the dsteroa diyil and ilu|ncic 

dud were described by Fecqpiet (IGSl), Qaitbidia X16S3X and 

lUidbeck (lfiS3) fl]. Ilus fina description 

breast qipcarod moce tfuui. 100 yean laterin GruiksbanVs 1786 

tqxiddetrfllot the bi^ ouun drainage peth^^ 

adibuy toule and die intenial mammaiy route {2^ Almost a 

cenfany bter (1S7S) Sqypc/s esdiausdve deUneaticm demon* 

ftraied the cxleasivcocss of die lyo^xhatfe 

unOs mvcst^gatori cteefved lhat aiiy penetration 

cphbelhira opens nnaU»oonnanyiimised4ynq)faath: vessels, so an 

tatiadennal r parenchyraal iiyection is, in effect, an intialyni- 

phatfc injection (3^]. Ilib obmntttiott subsequcm^ 

opeiadve delineation of the i^ymiduitic dimiii^ basin receiviqg 

dyes tiiat lad been injected into or around a tomor. However, 

because die lymphatic patiiway to ttus drainage basin was often 

within^the surgical field, these seminal studies did not affect 

soigical management 

During the late 1950s, investigations of die lymphatic lyttem 
k^Md ftnward iirldi die fatnxhiction of ^yro^^ using 
radiopaque oootrast material to visualfae lymphatic channels In 
irivo.In l917GBbanas|6]descrKieddicuseoC^yinphafi^ognqdv 
to identiiy die tint Caeatioel'O fyai^ node reoehrit\g lymphatic 
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drainage from a prlmaiy penile canccrt and he devised a blind 
biopsy technique to sample this iixcd-location lymph node. How- 
ever, because the lymphatic drainage patterns from other ana- 
tomic idles arc not siinple or otmsistent. Cabanas* sentinel no^t 
biqpby technique had limited appHcatson, and its signiiiCHnce was 
not fully appceciated. Bnsadcr application of fyn^hatic mapphig 
from a primacy tumor was made possible by the amcurrent bui 
independent develt^uncnt of radioactive isotope hnaging with 
labeled gold colloid [7, 8]. 

In 1992 a dtye-directed visual technique of sentinel node btop? 
was introduced by Morton ct aL [9] for patienu witii ptimaiy 
cutaneous metanoouL This cimica] study was based on their pre- 
clinical tnvesdg9tions showing that intradermal injection of a vital 
blue dye in an extnmn^ consisteotly stained a sentinel lymph 
node hi the ici^onal draining basfai [10). The conent clinical 
technique of intraoperative lymphatic mapfdng and f^nlin^l 
iyropb node dissection (SLNO) for melanoma evolved from Mor^ 
ton^s woflt» widi die leoent addiikm of i rem nnohhtodien d cal 
examination of tiie setitinel node specimen for micrometastases 
and itfinements of the J|ymplioscbt^graphic technique^ ifiriti#«iig 
the introduction f»r tecfanednm 99n(i4abded sulfur ooIloM 
tracer materiaL 

The success of SLND for melanoma suggested its potential fior 
other adid tumots such as breast cancer, gastrobkte«tind cancer, 
bead and nedkcaneer,aod hang cancer, where nodal stagjig is abo 
important ScvCTtltyoiphatic mapping techniques have beqi used 
ty various sentinel node bnesl^toxs. These teduiques employ 
vital (l!y^ a radioliotopei or bodi toidendty diesentind node. An 
are. based on the prind^ that lymph frcmi a primaiynniior drains 
first to one or a fewsdoct lymph nodes in the |ynq)hadc basin, Imt 
each is dtefaiguidied by technical variatioQs. This paper focuses on 
the evohition and suooess rates of SLND tedmiques currently 
used for mdllaiy stagh^ of breast canocr. 

Dye4)irectcd I^rmpbatk Mapping and SLND 

To map the aentind node b the axiUaiy lymphatic drabugebaslo 
oC patieats witii primaty bieast cancer, we adapted die dye-di- 
lected SLNO tctAnique Introduced by Morion et aL (91 for map- 
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ping dermal lymphatics in patienU with melanoma. W used the 
same isosidfon Mae dye (Lymphazurin) used in mdanoma but 
adjusted to bijecUon time, vohime, and site to acoommudale the 
mechanics of parenchymal lymphatics draining the breast. Our 
pilot study [11] included 174 women who had TD to T3 breast 
cancer with or without a clinically positive axilla. All patients 
underwent complete axillary lymph node disseaion (AI>JD) after 
SLND to confirm the sensitivity and accuracy of sentinel node 
mapping. Dye was injected in or around the tumor at various time 
intervals until an optimal technique was developed. The blue- 
stained lymphatic channel was identified and followed proximalty 
to the lateral edge of the breast parenchyiiut This study estab- 
lished diat both the interval between dye injection and axillary 
dissection and the volume of dye bijccted (3-S ml) depend on the 
di^ance between the primary tumor and the axiUaiy basin. Th^ 
study also set criteria for histopathologic examination of the 
SLND specimen. These criteria resuhed from investigation of the 
five false-negative rcsuhs. Because three of the five were inisiden- 
tification of blue-stained fat as a sentinel node, the frozen section 
technique was introduced to verify the presence of nodal tissue. 
Because one of the remaining two falscHiegative results became 
positive when the STITO spcdmen was reexamined with immu- 
nuhiRtochcmical staining (IHQ, IHC was introduced to evaluate 
sccUnel nodes diat were tumor-free on hematoT^m-eosin staining 
(HE), 

Not surprisingly, our pilot study revealed a Icanung curve for 
successful mapping of the sentinel node: The SLND success rate 
of 59% for the film half of the study jumped to 72% for the second 
half and to 78% for the fast SO cases. This increa^GC reflects die fact 
that tiic SLND technique itself was t)eing developed as the study 
progressed, and no patient was caeduded Crasn study, even those in 
whom wc iiyected an insulRdent vofume of dye at inappropiiatc 
time intemk. OuCy validation study of die matate SLMD tech- 
nique for' breast cancer was undertaken in 107 patients whh 
dfaifcal T1-T2 breast cancer and cUnical^ negative anUae [12]. 
Agwi. an patients ibderwem SLND folkiwed 
one bhie-itatned sentinel lymfili suide was Ideatified'ln 94% of 
ctte^ and-^ UstopaAologic itattis ot thii. oodcT invaiiab^ 
matdied that of other axillaiynodcsLllie results of this validation 
'ftu4y allowed us to abandon tootioc cxmipletion ALND h pa- 
tieots whose aentind nodes had no evidence of tumor when 
examioed whh HE and IHC 

Our confidence In tik matura dye-directed SLND tecluriqae b 
fnrfher bolstered fay data gathered firom an exhaustive U 
ta^ana^of oonsendnel nodes in 60 patients [13J. We under* 
took mCassessitaeat of 1087 mutteatfaid nodes removed from 60 
breast caneer patients who had no IHC evidence of tumor cells fai 
multiple aecttotts of their senttnd nodes.* These patients were 
identified Cram a cobott o( 103 consecutive breast canoor patients 
uttdetgoiog SLND fdlowed by ALND. Only one tumor-po^ 
ttonsentbiel node was identified, an error rate of 0.t% (1A087) 
ind an axiUafy status itagju^ error rate oC 0l9% (1/103). 

Our cuncat dye-dirccted SLND technique beg}ns whh a sub- 
cotanoous ii^ectloa of 3 to 5 ml of isosuICan Uue dye into the 
pecfnnnoval breast paiendynu on the axillaiy side. If 
peffonned prior to SIJND, 4yc NMBd into (he breast paren- 
clvnm a^aeent to tbe btopsy cavity. Ctoe k taken to avoid 
iag dy« Into (be underfyii^ pedoraBs fasda or iUn. As stated 
above. Oevohame of the h^ectate depends on the distance of the 
primary tumor Cram the axilla. After dye fatfocdoo and before 



795 



axillary skin incision, gentle compression of the area for 5 to 7 
minutes moves the d^ along the lymphatics. The akin is incised 
just t)eiow die hair-bearing area in the axilla, and the incisi o n is 
carried down to the axiOafy fat pad. It is not unusual to encounter 
cutaneous dyc*filled lymphatics during this part of the procedure. 
They can be divided without compromisir^ the outcome of 
SLND. As the axillary fat pad is entered, blunt dissection in the 
axilla is performed to identify a dye-filled lymphatic tract Once 
the tract is identified, it is followed distally to the blue-stained 
lymph node and proximally to the lateral edge of the breast 
parenchyma to ensure that the blue-stained node is the first node 
to receWe lymphatic drainage from the tumor (Le., the sentinel 
node). If there is more than one dyc-fiUed lymphatic tract, each is 
followed. Although it is not uncommon lo find two or mure 
sentinel nodes, oudtiple tracu often lead to the same lymph node. 

Although we prefer isosul&n blue dye. other vital d^ have 
been used by other investigators with equally successfisl results. 
Koller et aL [14] used 1% methylene blue dye and patent blu V 
«fyc interchangeably for tficir study of SI-ND in 98 breast cancer 
patients. A sentinel node was identified in % patients (98%)* and 
the fialsc-negative rate was 6%. The rate of sentinel node idenli- 
fication was the same for both dyts. Flett et al. [IS] used 23% 
patent blue dye to identify a sentinel node in 82% of 68 patients, 
and their false-negative rate was 14%. Both groups of investiga- 
tors txqected the <fye into the breast parenchyma surrounding ^ 
tumor, and both groups made the axillaiy indsion 5 to 10 minutes 
after dye iqjecdon. 

The dye-directed mappnig technique is shnple in concept yet 
demanding in detail The dye must be precisely mjected in or 
around the tumor, the interval between faqection and indnon 
must t>e long enous^ to allow staining of the sentind node; 
dissection must be meticulous and bhmt; and the search for a 
sentinel node must be diorougjh. Preoperative ^fmpbosdntigrapliy 
should be considered fiir patients whose tumors aie in the medial 
hemispbere of the breast to document axDlaiy drmnage. It also 
should be used for at^ patient who may have a nonanDaty drain* 
age padiway. although the HkcUhood of Isolated metastases to 
nonaxniaiy nodes is less than 10% (16^ 17]. 

PlN4M>«beeCed Lyophatk Blap^ and SL^ 

Piobe-dbected lymphatic mappfav and SUO) bi breast cancer 
was fim described by Krsig et aL (Uq. who vaed dxwt 04 fflQ of 
unfiltcred technetium 99m (^c)-W)eled suMixr a as 
the cadioacthe tracer. Several independent invest^gatois have 
verified the accuracy of probe»directed SLNO [19-23]. Vcronesi 
et al. 119J used abom 7 MBq of *^o4Aeled collddal albumin m 
02 ml saline; the day before surgery this tracer was fayocted 
subdennaQy above the breast lesloa Bocgsteto et aL (20] naed 40 
MBq of *^o4abcted coQoidal abumfai In 4 nd saUne; tracer was 
h^eoed hi two to four spots around the breast lesion on the d^ 
before cnrg^. Kftaicr ct aL [21] used uhiasonograpliy to guide the 
ii^ectkm of 1 niO of ottffltcred ^^'T^SC (ni 4 nd of sal^ 
four defined k)catkm$ around die tuniot. Surgery was undertaken 
It 9 houn (median 3.Shoac8) after fadection.08bdileetaLp21 
used 1 ma of *'"*Ib4abeled deaitiaa in a volume of 0 J mL 
Qoasin et aL (23J wed 1 ma of **Tb4abekd SC In 4 ml of 
aalbie, wbidi was bdectod 1 to 4 houn before iuifefy. lo a leocnt 
mnltioenter trial P4l ttngeons fipom II ceotea bi various practioe 
setdiw ttsed 1 ma of ^'^IMC b 4 ml; k was iijected fo divk^ 
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uliquots into four defined periuunoral locatlona. Despite the con- 
i^rable Inteistudy variatioDS in mapping agents and tedndque, 
these studies were successful becaiM each group of investigators 
carefully defined their respective SLND protocoi and were con- 
sistent in its apphcation. 

In general, radiopharmaceuticals in the form of ^'"Tc-labeled 
unfiltered SC, filtered SQ human serum albumin colloid, or dcx- 
tran arc injected into the peritumoral parenchyma or subcutane- 
ous tissue. Most but not all investigators then c^tain a ]ym- 
phosdntigram to delineate tbe lymphatic drainage and identify 
any "hot spot** (sentinel node) in the draining basin. The hot spot 
can be marked by the nuclear medicine physician to facilitate 
axillaiy incision for SLND. About 2 to 24 hours after tracer 
injection the patient is taken to the operating room and a small 
incUon is made over the area of maximal cadioactivi^. Prior to 
skin incision, badiground radioactivity is measured over the sen- 
tinel node basin (preindsion radioactivity count) and over a neu- 
tral site (background count). After skin incision, the gamma probe 
is used to guide dissectioo through each layer of tissue to a 
radioactive sentinel node. Occasionally, more than one node is 
radioactive, in which case each is designated a sentinel node. The 
radioacthri^ of the nodal basin is then measured after excision of 
the sentinel node. If the residual basin radioactivily is higfh, fur- 
Iber excision is performed to remove any node containing high 
radioactive counts so the residual basin count is not significantly 
different from the backgroimd count. 

Probe-directed SLND is highly sensitWe for dctcctipg nonaxU- 
lazy dramage pathways. In a multiinstitutional study fay Krag el aL 
[24], 11% of hot spots were outside level 1 of the axiUa and 8% 
were outside the axilla. Thus probe-directed SLND may be espe- 
dally iisefiil in patients whose tumors are in the medial bemi- 
sphere of (he breast However, if tbe priniaiy breitst cunuir b 
to Ae axillafy drainage basm, a shlne-tfuou^ effect may mask 
detcctitm of a hot qxrt in the axilla. In the same Andy from 
ffoap (24] aUof tfa^unsuoocssfnl SLhfD procedoces oocuxrcd in* 
patients whose tumors were in tfie outer half of the Weast 

ConhtasMgeat Mappbg and SLND' 

Several SLND investigators havie combined dye-directed and 
probe-directed mapping techniques to achieve success rates 

. Mglw than 90% [25-28]. AlbertlntetaL (25] iiject^ 
^rc4abeled Cbered SC 2 to 4 hours before tuigeiy, Ecin^ 
isovuUaq blue clye 10 to IS minutes before snigoy* Tl^ 

/ no fatse-oegathc results among S7 patients who bad suooessful 
SLNDs. Baniwell et aL [26] iq^ectied 3 nl^ a mfactore of 1% 
isosuHia Uue dfye and 1 ma '"''TfrJabded SC 60 to 
before suigoiy. Tbqr also leported no ftbe negatives among 38 
patiems. OVea ct aL [27] Injected OJ mQ of ^^""TbJabded 
unfiUeted SC into tbe breast parenclvma «<$aoent to tbe tumor 2 
to 4 boors before Che suigecy and then 4 nd of 1% Isosnlfon bhm 
4fe S 10 10 minutes before axillaiy faidskm. Their false-negative 
fate waa 15%. 

In cettafai casei^ a oombbed-agent approach may be <qytimaL 
l^example,if tbe axillaty drainage mapped on the ^yoxpb^^ 
Ogrrn Is Cstait or If tbe search for a Ute^tabied «i^I^ 
Vktfy to be difficult, we would oombine dye<lirected and probe- 
direotcd intraoperative mapping techniques. 
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Discussion 

The sentinel node hypothesis states that the histopathologic stauis 
of the first node on the lymphatic drainage pathway from a 
primary tumor reflects the tumor status of the entire lymphatic 
dramage basin. Underlying this hypothesis is the assumption that 
the surgeon can correctly and consistently identify this node (i.e., 
the sentinel node). It requires practice because the sentinel node 
can be difficult to identify regardless of the lymphatic mapping 
technique. Moreover, if a patient has metastasis only to the sen- 
tinel node, as occurred in 27% to 67% of cases reported in tbe 
literature (11, 12, 14, 18-21, 25-27], mistaking a sccondaiy node 
for the sentinel node would resuh in uoderatagmg. Ironically, 
incorrect SLND introduces a larger error than does unsuccessful 
SLND because nioonect identification of the sentinel luxle can 
lead to undctstagnig and Inadequate treatment, whereas uosuc 
cessful SLND leads to completion ALND and appropriate nun* 
surgical adjuvant tlierapy. 

Tbe most important factor when dccidir^ whether SLND can 
replace ALND as » staging technique for breast cancer is its 
ftbe-negaih^ rate. The multicenter study hy Krag ct aL[24] re- 
vealed a considerable range of false-negative rates amoqg partic* 
ipaiing surgeons, confirming that the surgeon's skill and experi- 
ence are csscndal . Although we prefer dye-dircctcd SLND and 
have performed this technique with ahnost 100% success in recent 
cases £29], others hove used probe^directed tn^ <x>mbined-agent 
SLND with equally impressive resulu. In eadi case the investiga- 
tors defined die tedinical details rtdated to their protocol for 
SLND and were consistent m their approacli. Successful SLND 
dq)ends on the technical maturity of the operathjg surgeon, the 
pathologists, and the nuclear medicine phy»dan. AO surgeons 
undertaking SLND for patients with primary breast cancer must 
identify their fabe-negothre and success latcs nstpg a uniform 
tedmique. In addition, successful use of SLND depends on me- 
tkadottsspedmenaoaty^faythc pathciloglst and tbe cooperation 
of the nudear medidne pl^ysicfam. Ffaidly, h requires detailed 
cfiscussion vidi the patient r^antmg the possible outcome from 
tbe procedure and Cfac experimental nature of this technique. 
Uadeiw^y are two mnttioenter phase in tiiab (tf SLND fiir pa- 
tieots nAh breast cancer. One is spo nsor ed by the American 
OoOegie of Surgeons OnoolQgy Giottp and tfie other hy the Na- 
tionalSurgkal Adjuvant Breast and Bowel Project The results of 
these two studies vriil likely define Ihe role of SLND in die 
management of breast canoer. 

RfismnC 

Llntrodnction rtoote de la tedmique de t»k>pde du gaqgnoo 
fymphatique «seatindle» (BGLS) pourcah reoqdaoer k curagc 
complet de raissellc pour le stagiqg du cancer du sein i son d6but 
Le suoote de la BOLS depend de la daintetioa m£ticulcuse des 
voles fynqihatkpies et de(8) gBn|^ion(s) fymphadque(s) 
«sentfaidlc(8)». A pr6sent» la cartographic fynqihatique pent £trc 
obtcmic par des colonmu Ueus vitaux ct des isotopes radioactifi 
Le tauxde sttoois des techniques de caitogrsphie peroptotoire ct 
deBOLS vtOisant des colorants etfou des tnceuisradioacdfii est 
ikt96 dans ies mafais des hivestigatents c^p6riffleot6s, mals la 
mttiode doit £tre oonfinn6e avant de prficooiser fcnr utilisation 
qfstematique. Notammenl on doit connatre les rfponses sax 
qoesdons en ce qui conocme le two moment, la l»onne dose et 
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type de tniceur radtoactif, la technique de carl graphie optimale, 
les indications et les contra-indicatk>03 de la BGLS ainsi que la 
ceitificatioo des chinugiens, des anatonio-pathologistes et des 
m^dedns nuddaires pour cette technique. 



Rcsumen 

Las t^cnicas de d(secci6n del ganglio centinela (DGC) 
redentemcDte planteadas pueden reemplazar la dtsecci6n nxilar 
completa en la estadificacidn del c&ncer mainario en sus etapas 
lempranas. Se logra una DGC exitosa mediante meticulasa 
deniostraci6n de las vias del drenaje Unf&lico y del ganglio o 
ganglios centinela. Los mateiiales de mapeo linfilico en boga en 
la actualidad induyen hw coioranles amies vitales y los trazadurcs 
nulioactivos. Los m^todos de mapeo intraopcratorio y dc DGC 
que utiltzan coiorantc y/o trazador cxhibcn una clcvada tasa dc 
^'to en manos expertas, pem su uso rutinario y amplio todavfa 
espera la resoluci6n de interrogantes relativos a la opoitunidad en 
el tiempo, la dosis y el tipo de trazador radbactivo, la ttoitca 
dptima de mapeo« las tndicadones y contraindicadones para 
DGC, asi oomo ia certificaddn de kfonddad de dxujanos, 
pal61(^os y cspcdalistas en mcdicina nudear. 
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